Event-by-event viscous hydrodynamics is combined with heavy quark energy loss models to compute heavy flavor flow cumulants v 2 {2}, v 3 {2}, and v 2 {4} as well as the nuclear modification factors of D 0 and B 0 mesons in PbPb collisions at 2.76 TeV. Our results indicate that bottom quarks can flow as much as charm quarks in the p T range 8-30 GeV.
Introduction
Due to the (nearly) perfect fluidity property of the Quark-Gluon Plasma (QGP) [1] , spatial gradients present in the early stages of heavy ion collisions are efficiently converted into final state flow anisotropies and the soft limit (p T < 2 GeV) of the anisotropic flow coefficients, v n , can be very accurately described using event-by-event viscous hydrodynamics (see, for instance, [2, 3] ).
On the other hand, beyond the soft limit the underlying physical mechanism behind anisotropic flow changes and, at high p T , the differences in the path length of jets plowing through the plasma are expected [4, 5] to drive the observed v n 's. This picture has been recently confirmed by event-by-event jet energy loss + viscous hydrodynamics calculations [6, 7, 8, 9] , which showed that there is an approximate linear response relation (valid event-by-event) between the high p T v 2 and the initial state (energy density) eccentricity ε 2 .
Motivated by the large azimuthal anisotropy displayed by open heavy flavor mesons [10, 11, 12] , in this proceedings we investigate how spatial fluctuations in the initial state, and their subsequent bulk evolution via event-by-event viscous hydrodynamics, affect heavy flavor flow harmonics with p T 10 GeV. This is done by combining a heavy quark energy loss model with event-by-event viscous hydrodynamic backgrounds, which allow for computing the nuclear modification factor, R AA , of D 0 and B 0 mesons and their corresponding flow coefficients v 2 {2}, v 3 {2}, and v 2 {4}.
Event-by-event hydrodynamics + heavy quark energy loss model
In order to study the evolution of heavy quarks in the medium a new modular Monte Carlo code in C++ was developed, using Root [13] and Pythia8 [14] libraries, which can be used to implement different types of energy loss models. Bottom and charm quarks in the medium are sampled with initial momentum distribution given by fonll calculations [15, 16] . The heavy quark produced at a given point x 0 in the transverse plane and it moves (on the plane) with velocity v along the (constant) direction defined by an angle ϕ quark . We use a simple parametrization for the heavy quark energy arXiv:1612.05724v1 [nucl-th] 17 Dec 2016 loss per unit length
where T is the local temperature, [17] , and ϕ flow is the local azimuthal angle of the underlying flow. We consider two simple models for each quark flavor: f (T, v) = ξT 2 and f (T, v) = α. The ∼ T 2 expression is motivated by conformal AdS/CFT calculations [18] while the temperature independent expression was chosen after the study performed in Ref. [19] (other more realistic expressions for heavy flavor energy loss are currently being implemented). The free parameters ξ and α in the energy loss expressions are fixed by matching our calculations for D 0 R AA to data at p T ∼ 10 GeV in the 0-10% centrality class while the parameters for the bottom energy loss are found via matching our non-photonic electron R AA (p T ∼ 10 GeV) to data in the same centrality class (we use FONLL spectra for electron production from a given quark).
The temperature and flow profiles used in the heavy flavor calculations are generated using the event-byevent relativistic viscous hydrodynamical model, vusphydro [20, 21, 22] , a boost invariant code whose accuracy has been checked against known analytical solutions [23] . We use MCKLN initial conditions for PbPb √ s = 2.76 TeV collisions [24, 25, 26 ], η/s = 0.11, and an initial time τ 0 =0.6 fm, which leads to a good description of experimental data for the flow harmonics at low p T . At the moment, coalescence is not yet implemented and hadronization in the heavy flavor sector is assumed to occur when the local temperature falls below a certain value T d at which fragmentation [27] is performed. Also, we note that the energy and momentum lost by the jets are assumed to not affect the underlying bulk evolution of the medium. The effects of jet energy loss on low p T flow harmonic coefficients computed event by event were considered in [28] .
Our event-by-event analysis (consisting of a couple thousand hydro events in each centrality class) is performed by oversampling each hydro event with millions of heavy quarks, which allows us to compute the nuclear modification factor R Q AA (p T , ϕ) and its corresponding v Q n (p T ) (with Q = c, b being the quark flavors) flow coefficients [29] . Clearly, very few heavy quarks are produced per event and, thus, over oversampling is meant to give the probability to find v Q n (p T ) in a hydro event with a certain v n in the soft sector. Multi-particle cumulants [30, 31] are computed at high p T following the detailed analysis performed in Refs. [7, 32] .
Results
We show in Fig. 1 [33, 34, 35, 36] . Predictions for the R AA of B 0 mesons can also be found in 1. One can see that the heavy meson R AA 's are found to be nearly the same in the p T range considered (this also holds for the other energy loss model). The upper panel of Fig. 2 shows our results for D 0 meson v 2 {2} in the 30-50% centrality class compared to experimental data while in the lower panel a comparison between our calculations and electron data in the 20-40% centrality class is shown. One can see that our calculations are consistent with the data at high p T . However, at low p T where coalescence effects are not negligible our results fall below the experimental data. In this low p T regime, other effects concerning the heavy quark energy loss mechanism (not taken into account here) become increasingly important [37] , which can affect the overall magnitude of the computed flow harmonics.
The middle panel of Fig. 2 shows our corresponding results for B 0 meson v 2 {2} at √ s = 2.76 TeV in the 30-50% centrality class. One can see that the approximate "flavor independence" previously found in the meson R AA 's displayed in Fig. 1 is carried over to the flow harmonics. Thus, in our model bottom quarks flow just as much as charm quarks do in the p T range 10-30 GeV and the fact that the rest mass of bottom quarks is a factor of ∼ 3 larger than the charm quark mass does not seem to matter for the final flow harmonics in this case.
While the energy loss models lead to similar results, we did observe that the case in which the analysis done in [19] using an averaged initial condition. Furthermore, we find that v 2 {2} increases with decreasing T d , which is similar to what happens in the soft sector (in that case, the low p T v 2 {2} would increase with decreasing freeze-out temperature). This shows that remaining uncertainties in the hadronization mechanism can affect the magnitude of the elliptic flow in our model. With the advent of event-by-event calculations, one can also compute v 3 {2} of D 0 and B 0 mesons and our results for these quantities are shown in Fig. 3 . One can see that the different masses of the heavy quarks do not affect the final triangular flow in the p T range considered since v 3 {2} is basically the same for D 0 and B 0 mesons. However, there are a couple of interesting points worth noticing about our results for the triangular flow of heavy mesons. First, our v 3 {2} is found to be approximately an order of magnitude smaller than v 2 {2}. We note that the first calculations of triangular flow of D 0 mesons (within the event-plane method) were done in Refs. [37, 38] , and a comparison between our results shows that our v 3 {2} is smaller than the triangular flow result they reported. Also, we found that v 3 {2} is much more sensitive to how the heavy quarks decouple from the medium, i.e., this quantity depends more strongly on the hadronization parameter T d .
In order to obtain a better understanding of how the fluctuations in the soft sector affect the anisotropic flow of heavy flavor, we follow the discussion done in [7] and compute the differential elliptic flow 4-particle cumulant v 2 {4} defined by the correlation of three soft particles with one in the heavy flavor sector. The ratio between v 2 {4}/v 2 {2} as a function of p T for D 0 and B 0 mesons in the 30-50% centrality class is shown in Fig. 4 .
One can see that this ratio is nearly constant in p T being very close to unity for both D 0 and B 0 mesons (regardless of the energy loss model and the value of T d ). A similar result was found for this observable in the light flavor sector [7] , which suggests a common origin for the fluctuations (i.e., the initial state inhomogeneities).
Conclusions
By combining event-by-event hydrodynamic flow and temperature profiles with heavy quark energy loss calculations one is able to describe R AA and v 2 of D 0 mesons and heavy flavor electrons in the p T range 8-30 GeV of √ s = 2.76 TeV PbPb collisions at LHC. This type of modeling was used to obtain predictions for the corresponding v 2 {2} and v 3 {2} of B 0 mesons at the same collision energy. In our model v 2 {2} of D 0 and B 0 mesons are nearly the same in this p T range, a feature that could be experimentally verified in the near future (most likely using LHC run 2 data at √ s = 5.02 TeV). Once initial state fluctuations, and their evolution using event-by-event viscous hydrodynamics, are taken into account new observables, such as the 4-particle cumu- lant v 2 {4}, can be computed to investigate how fluctuations in the soft sector may affect the anisotropic flow of heavy flavor. It is evident from Figs. 1-4 , however, that these observables are not yet sensitive enough to capture the differences between the two energy loss models used in this work. By extending event engineering techniques [39, 40] to the heavy flavor sector new observables that are more sensitive to the underlying energy loss model may be studied. The first study in this direction was performed in [41] where the correlation between the soft hadron v 2 and the heavy meson v 2 was computed, which revealed an interesting linear correlation between these observables on an event-by-event basis.
